ABSTRACr Hand tremor due to industrial exposure to metallic mercury vapour was recorded in 26 exposed and 25 non-exposed male workers by an accelerometer attached to the dorsum of the hand. The subjects were instructed to hold the hand and the forearm in the same position first without and then with a load of 1250 g supported by the hand. Analysis of the records showed that the highest peak frequencies (HPF) (the frequency corresponding to the highest acceleration) were higher in the exposed men than in the controls and were related to the duration of exposure to mercury and to age. The changes in HPF between rest and load were again higher in the exposed men than in the controls and again related to the duration of exposure and to age. The second moment (M2) (an index taking into account the whole recorded spectrum) was similar in the exposed men and controls at rest. The changes in M2 between rest and load were higher in the exposed men than in the controls but were related to duration of exposure and to the-biological measurements (loge of mercury in urine or blood) and not to age. These neurophysiological impairments might result from the tendency of metallic mercury to accumulate in the cerebellum and the basal ganglia. These results are consistent with the hypothesis that metallic mercury, even at concentrations probably below the current TLV-TWA of 0 05 mg/m3, can lead to neurological disorders.
The most consistent and pronounced effects of exposure to elemental mercury vapour are on the central nervous system (CNS). The first group of effects consists of a neuropsychiatric complex known as "erethism," which includes insomnia, loss of appetite, excessive shyness, and emotional instability. The second effect is a tremor that initially affects the hands and may spread to other parts of the body. The tremor is of the intention type, completely subsiding during sleep, hardly noticeable at rest, and triggered by voluntary use of the affected muscle. ' signals may then be subjected to Fourier transformation to obtain a spectral analysis. 4 The objectives of the present investigation were, firstly, to develop a convenient method of analysis of the spectrum ofhand tremors at rest and under stress, when an intention tremor would be expected, and, secondly, to relate the results of this analysis to industrial exposure to metallic mercury. The first results of this investigation have been presented in part at the 8th French-Swiss meeting at Lyon, 9 June 1979.5
Material and methods

SUBJECTS
This study included 26 male workers exposed daily to metallic mercury; seven glass blowers in seven fluorescent tube factories, 12 workers in a chloralkali plant, and seven workers from a chemical industry (acetaldehyde production). Twenty-five male workers from the same factories, never occupationally exposed to mercury, formed the control group. Informed consent was obtained after verbal and written explanations. One exposed worker expected to take part in the study declined to do so for undefined reasons. In order to take into account so far as possible the whole spectrum, the following moments were defined: All frequency bands for which the frequency was less than 2-0 Hz have not been taken into account because of possible interferences from cardiac beats. 4 All those for which the frequency was more than 30-0 Hz have also not been taken into account because the corresponding accelerations were so low that they may be considered as negligible.
STATISTICS
Student t tests between crude indices of tremor of exposed and control groups were performed; then multiple regressions including duration of exposure, age, and concentration of Hg-U or Hg-B were fitted, choosing the one that gave the smallest residual mean square.
Results Table I shows some general data on the study population. Without matching, the mean ages of the exposed and control groups were similar. The duration of exposure to Hg was on average 15-3 years, with a wide range from one to 41 years. The Table 1 Mean and standard error (in parentheses) ofage, duration ofexposure, and biological and environmental measurements relation between Hg-U (,umol/mol creat) and Hg-B (,LmoI/l) was satisfactory (r = 0 49, n =50, p < 0 001) and not modified by logarithmic transformation. 
Discussion
This investigation has shown evidence of differences in the spectrum of hand tremor between workers exposed to metallic mercury and an unexposed control group.
The most important predictor variable of hand tremor was always the duration of exposure.
Unfortunately, the histories of exposure to metallic mercury for each individual exposed worker are not well known. There is, however, evidence that in the past the glass blowers have been exposed to higher concentrations of mercury than at the time of the present study. " The chloralkali plant was modified eight years before the investigation and the acetaldehyde production process 15 years before. It appears, therefore, that enough time has elapsed to allow for a new equilibrium in the body burden of mercury. The concentrations of Hg-U and Hg-B, however, were somewhat related to the duration of exposure (loge Hg-U and durexp: r = 0-31; n = 51, p < 0 05; loge Hg-B and durexp: r = 0 43, n = 50, p < 001). On the other hand, Hg-U and Hg-B were also, but to a lesser extent, related to the hand tremor.
Only a multiple regression analysis will allow a disentanglement of the effects of the different predictor variables (age, durexp, Hg-U, and Hg-B) on the hand tremor.
Age and duration of exposure were the best predictors of HPF and HPF change. Age was negatively related to HPF, and these findings are supported by others.' 2HPF was sometimes difficult to determine accurately. In the present study dealing with 102 spectra at rest and under load, seven HPFs could not be determined; this proportion is similar to that published by others. '2 The M2 change was no better related to the predictor variables than HPF. On the other hand, the moments could always be determined. The best predictor variable was duration of exposure but associated with loge Hg-U. This set of variables appears more sensitive than the one (durexp and age) shown for HPF; the effect of age was negligible. Hg-B and its logarithm appeared to be a weaker predictor than Hg-U. No explanations could be given for this finding which is, however, consistent with the results of others. 13 Comparisons with other studies are difficult because of the different methods used. Kazantzis, in a working paper for the conference on MAC values in Stockholm 1968,* estimated the finger tremor by an integrator counter that gave a numerical score (= counts). The results showed higher mean counts in 17 *Reprint requests to: Institute of Hygiene, Karolinska, S-10401, Stockholm 60, Sweden. exposed workers than in 41 controls, but no pronounced association was noticed between tremor counts and the most recent urinary mercury figure; no spectral analysis was carried out.
Chaffin and Miller'3 recorded the tremor in 77 exposed workers and 68 controls by a force sensing transducer attached to a 6-8 kg load supported by the wrist. Their mean Hg-Bs were similar to those of the present study and their results showed an association between the forearm tremor frequency, as determined by power spectrum analysis, and the loge of the urinary mercury excretion. No indication is given on the relation with duration of exposure or other possible predictor variables. It appears, however, that these results support our findings of increasing HPF with increasing body burden of mercury.
In another study the same group'4 recorded the tremor in 79 exposed workers and 51 controls. The exposure level was less than in the above study as indicated by their respective mercury urine concentration. With the loading of 6-8 kg as described above, no relationship was shown between frequency of forearm tremor and excretion of urine mercury. Under much lighter loading (285 g) the percentage of neuromuscular tremor power appeared to be related to urine mercury, the number of peak levels exceeding 0 5 mg/l in the previous 12 months being the most important predictor. These different results apparently due to differen't loadings might have the following physiological explanation.
The subject is requested to hold the forearm and the hand in the same position, with or without loading. This task is easy to perform and therefore a first good approximation could be to consider the upper extremity as a passive mass spring system that has a natural frequency f4; f=v ¶iiii, where k = spring stiffness and m = mass.* If the mass is doubled k must then also be doubled to hold the same position (k i F/l where I = spring elongation'and F = mi where g = gravitation). Therefore'f =V2-k/2 =\/k/m. The natural frequency will remain the same provided the passive mass spring system is not influenced by activity of the central nervous system.
When the added mass is heavy, all muscle fibres are recruited and they approach their tetanic fusion frequency. In this situation all tremor activities generated by the central nervous system are dampened,4 and the system acts as a passive mass spring. Hence no differences could be expected between exposed workers and controls.
When the added mass is light, only some muscle fibres will be recruited and any defect in the tremor activities generated by the central nervous system will *m is an equivalent mass of the ann and the load; k is an equivalent stiffness of muscle contraction.
Fawer, De Ribaupierre, Guillemin, Berode, Lob be more difficult to dampen. It is well known that metallic mercury accumulates in the cerebellum and in the basal ganglia. I ,s It has also been shown that a perturbation of these brain structures may lead to an intention tremor.4 With light loadings, the "intoxicated" central nervous system of the mercury exposed workers is not expected adequately to control the amount of tremor generated by the added mass. A shift of spectrum should thus be observed in exposed workers but not in controls.
The present study (see table 3 ) provides evidence of a shift in moments between rest and load in exposed workers but not in controls. Moreover, these findings are supported by the results of Langolf et al '4 who showed differences in percentage of neuromuscular power between exposed workers and controls under light loading but not under heavy loading.
The findings of this investigation, supported by the results of others, are consistent with the hypothesis that metallic mercury, even at concentration very probably below the current TLV of 005 mg/m3 (see table 1 ) can lead to neurological disorders. '6 Follow up studies,'3 1" which have already shown that with lesser exposure the average tremor frequency returned to values closer to normal means, also support our results.
Only one author" found no difference in tremor between exposed workers and controls. The analysis of the results of tremor frequencies, however, appears to be defective because all frequencies up to 7 Hz were discarded.
The clinical significance of these investigations is difficult to assess. Contrary to the conclusions of the study of Schuckmann,'' however, it is believed that these findings might provide some evidence for the necessity for improved working conditions. 
